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Description 



[AUTOMATIC DOWNLINK SYSTEM] 

Background of Invention 

[0001] wells are generally drilled into the ground to recover nat- 
ural deposits of hydrocarbons and other desirable materi- 
als trapped in geological formations in the Earth's crust. A 
well is typically drilled using a drill bit attached to the 
lower end of a drill string. The well is drilled so that it 
penetrates the subsurface formations containing the 
trapped materials and the materials can be recovered. 

[0002] At the bottom end of the drill string is a "bottom hole as- 
semblyTBHA"). The BHA includes the drill bit along with 
sensors, control mechanisms, and the required circuitry. A 
typical BHA includes sensors that measure various proper- 
ties of the formation and of the fluid that is contained in 
the formation. A BHA may also include sensors that mea- 
sure the BHA's orientation and position. 

[0003] The drilling operations are controlled by an operator at 
the surface. The drill string is rotated at a desired rate by 
a rotary table, or top drive, at the surface, and the opera- 



tor controls the weight-on-bit and other operating pa- 
rameters of the drilling process. 

[0004] Another aspect of drilling and well control relates to the 
drilling fluid, called "mud." The mud is a fluid that is 
pumped from the surface to the drill bit by way of the drill 
string. The mud serves to cool and lubricate the drill bit, 
and it carries the drill cuttings back to the surface. The 
density of the mud is carefully controlled to maintain the 
hydrostatic pressure in the borehole at desired levels. 

[0005] | n order for the operator to be aware of the measurements 
made by the sensors in the BHA, and for the operator to 
be able to control the direction of the drill bit, communi- 
cation between the operator at the surface and the BHA 
are necessary. A "downlink" is a communication from the 
surface to the BHA. Based on the data collected by the 
sensors in the BHA, an operator may desire to send a 
command to the BHA. A common command is an instruc- 
tion for the BHA to change the direction of drilling. 

[0006] Likewise, an "uplink" is a communication from the BHA to 
the surface. An uplink is typically a transmission of the 
data collected by the sensors in the BHA. For example, it 
is often important for an operator to know the BHA orien- 
tation. Thus, the orientation data collected by sensors in 



the BHA is often transmitted to the surface. Uplink com- 
munications are also used to confirm that a downlink 
command was correctly understood. 

[0007] one common method of communication is called "mud 
pulse telemetry." Mud pulse telemetry is a method of 
sending signals, either downlinks or uplinks, by creating 
pressure and/or flow rate pulses in the mud. These pulses 
may be detected by sensors at the receiving location. For 
example, in a downlink operation, a change in the pres- 
sure or the flow rate of the mud being pumped down the 
drill string may be detected by a sensor in the BHA. The 
pattern of the pulses, such as the frequency and the am- 
plitude, may be detected by the sensors and interpreted 
so that the command may be understood by the BHA. 

[0008] m uc | pulse telemetry is well known in the drilling art. A 

common prior art technique for downlinking includes the 
temporary interruption of drilling operations so that the 
mud pumps at the surface can be cycled on and off to 
create the pulses. Drilling operations must be interrupted 
because the drill bit requires a continuous flow of mud to 
operate properly. Thus, drilling must be stopped while the 
mud pumps are being cycled. 

[0009] Figure 1A shows a prior art mud pulse telemetry system 



100. The system 100 includes a mud pump 102 that 
pumps the mud from the surface, to the BHA 112, and 
back to the surface. A typical drilling rig will have multiple 
mud pumps that cooperate to pump the mud. Mud pumps 
are positive displacement pumps, which are able to pump 
at a constant flow rate at any pressure. These pumps are 
diagrammatically represented as one pump 102. 

[0010] M UC | f rom the mud storage tank 104 is pumped through 
the pump 102, into a standpipe 108, and down the drill 
string 110 to the drill bit 114 at the bottom of the BHA 
112. The mud leaves the drill string 110 through ports 
(not shown) in the drill bit 114, where it cools and lubri- 
cates the drill bit 114. The mud also carries the drill cut- 
tings back to the surface as it flows up through the annu- 
lus 116. Once at the surface, the mud flows through a 
mud return line 118 that returns the mud to the mud 
storage tank 104. A downlink operation involves cycling 
the pump 102 on and off to create pulses in the mud. 
Sensors in the BHA detect the pulses and interpret them 
as an instruction. 

[0011] Another prior art downlink technique is shown in Figure 
IB. The downlink signal system 120 is a bypass from the 
standpipe 108 to the mud return line 118. The system 



120 operates by allowing some of the mud to bypass the 
drilling system. Instead of passing through the drill string 
(110 in Figure 1A), the BHA (112 in Figure 1A), and re- 
turning through the annulus (116 in Figure 1A), a rela- 
tively small fraction of the mud flowing through the 
standpipe 108 is allowed to flow directly into the mud re- 
turn line 118. The mud flow rate to the BHA (not shown) is 
decreased by the amount that flows through the bypass 
system 120. 

[0012] The bypass system 120 includes a choke valve 124. Dur- 
ing normal operations, the choke valve 124 may be closed 
to prevent any flow through the bypass system 120. The 
full output of the mud pump 102 will flow to the BHA (not 
shown) during normal operations. When an operator de- 
sires to send an instruction to the BHA (not shown), a 
downlink signal may be generated by sequentially opening 
and closing the choke valve 124. The opening and closing 
of the choke valve 124 creates fluctuations in the mud 
flow rate to the BHA (not shown) by allowing a fraction of 
the mud to flow through the bypass 120. These pulses are 
detected and interpreted by the sensors in the BHA (not 
shown). The bypass system 120 may include flow restric- 
tors 122, 126 to help regulate the flow rate through the 



system 120. 

[0013] one advantage to this type of system is that a bypass sys- 
tem diverts only a fraction of the total flow rate of mud to 
the BHA. With mud still flowing to the BHA and the drill 
bit, drilling operations may continue, even while a down- 
link signal is being sent. 
Summary of Invention 

[0014] one aspect of the invention relates to a downlink system 
comprising at least one mud pump for pumping drilling 
fluid from a drilling fluid storage tank to a drilling system, 
a standpipe in fluid communication with the mud pump 
and in fluid communication with the drilling system, a re- 
turn line in fluid communication with the drilling system 
for returning the drilling fluid to the drilling fluid storage 
tank, and a drilling fluid modulator in fluid communica- 
tion with at least one of the group consisting of the 
standpipe and the return line. 

[0015] Another aspect of the invention relates to a method of 
transmitting a downlink signal comprising pumping 
drilling fluid to a drilling system and selectively operating 
a modulator to create pulses in a drilling fluid flow. In 
some embodiments the modulator is disposed in a stand- 
pipe. 



[0016] one aspect of the invention relates to a drilling fluid pump 
controller comprising at least one actuation device cou- 
pled to a control console, and at least one connector cou- 
pled to the at least one actuation device and a pump con- 
trol mechanism. In at least one embodiment, the pump 
control mechanism is a pump control knob. 

[0017] Another aspect of the invention relates to a method for 

generating a downlink signal comprising coupling a actu- 
ation device to a pump control panel, coupling the actua- 
tion device to a pump control device on the pump control 
panel, and creating a pulse in a drilling fluid flow by se- 
lectively controlling the pump control device with the ac- 
tuation device. 

[0018] Another aspect of the invention relates to a downlink sys- 
tem comprising a drilling fluid pump in fluid communica- 
tion with a drilling system, the drilling fluid pump having 
a plurality of pumping elements, and a pump inefficiency 
controller operatively coupled to at least one of the plu- 
rality of pumping elements for selectively reducing the ef- 
ficiency of the at least one of the plurality of pumping ele- 
ments. 

[0019] Another aspect of the invention relates to a method of 

generating a downlink signal comprising pumping drilling 



fluid using at least one drilling fluid pump having a plu- 
rality of pumping elements, and creating a pulse in a 
drilling fluid flow by selectively reducing the efficiency of 
at least one of the plurality of pumping elements. 

[0020] Another aspect of the invention relates to a downlink sys- 
tem comprising at least one primary drilling fluid pump in 
fluid communication with a drilling fluid tank at an intake 
of the at least one drilling fluid pump and in fluid com- 
munication with a standpipe at a discharge of the at least 
one drilling fluid pump, and a downlink pump in fluid 
communication with the standpipe at a discharge of the 
reciprocating downlink pump. 

[0021] Another aspect of the invention relates to a method of 

generating a downlink signal comprising pumping drilling 
fluid to a drilling system at a nominal flow rate, and selec- 
tively alternately increasing and decreasing the mud flow 
rate of the drilling fluid using a downlink pump having an 
intake that is in fluid communication with a standpipe and 
having a discharge that is in fluid communication with the 
standpipe. 

[0022] Another aspect of the invention relates to a downlink sys- 
tem comprising at least one primary drilling fluid pump in 
fluid communication with a drilling fluid tank at an intake 



of the at least one drilling fluid pump and in fluid com- 
munication with a standpipe at a discharge of the at least 
one drilling fluid pump, and an electronic circuitry opera- 
tively coupled to the at least one primary drilling fluid 
pump and adapted to modulate a speed of the at least 
one primary drilling fluid pump. 

[0023] Another aspect of the invention relates to a method of 
generating a downlink signal comprising operating at 
least one primary drilling fluid pump to pump drilling 
fluid through a drilling system, and engaging an elec- 
tronic circuitry that is operatively coupled to the at least 
one primary drilling fluid pump to modulate a speed of 
the at least one primary drilling fluid pump. 

[0024] other aspects and advantages of the invention will be ap- 
parent from the following description and the appended 
claims. 

Brief Description of Drawings 

[0025] Figure 1A shows a schematic of a prior art downlink sys- 
tem. 

[0026] Figure IB shows a schematic of a prior art bypass down- 
link system. 

[0027] Figure 2 shows a schematic of a bypass downlink system 
in accordance with one embodiment of the invention. 



[0028] Figure 3A shows an exploded view of a modulator in ac- 
cordance with one embodiment of the invention. 

[0029] Figure 3B shows an exploded view of a modulator in ac- 
cordance with one embodiment of the invention. 

[0030] Figure 4A shows a schematic of a bypass downlink system 
in accordance with one embodiment of the invention. 

[0031] Figure 4B shows a schematic of a bypass downlink system 
in accordance with another embodiment of the invention. 

[0032] Figure 5A shows a diagram of a downlink system in accor- 
dance with one embodiment of the invention. 

[0033] Figure 5B shows a diagram of a downlink system in accor- 
dance with one embodiment of the invention. 

[0034] Figure 5C shows a diagram of a downlink system in accor- 
dance with one embodiment of the invention. 

[0035] Figure 5D shows a diagram of a downlink system in ac- 
cordance with one embodiment of the invention. 

[0036] Figure 6A shows a schematic of a downlink system in ac- 
cordance with one embodiment of the invention. 

[0037] Figure 6B shows a schematic of a mud pump in accor- 
dance with one embodiment of the invention. 

[0038] Figure 7 shows a schematic of a downlink system in ac- 
cordance with one embodiment of the invention. 

[0039] Figure 8 shows a schematic of a downlink system in ac- 



cordance with one embodiment of the invention. 
[0040] Figure 9 shows a schematic of a downlink system in ac- 
cordance with one embodiment of the invention. 
Detailed Description 

[0041] | n certain embodiments, the present invention relates to 
downlink systems and methods for sending a downlink 
signal. A downlink signal may be generated by creating 
pulses in the pressure or flow rate of the mud being 
pumped to the drill bit. The invention will be described 
with reference to the attached figures. 

[0042] The following terms have a specialized meaning in this 
disclosure. While many are consistent with the meanings 
that would be attributed to them by a person having ordi- 
nary skill in the art, the meanings are also specified here. 

[0043] | n this disclosure, "fluid communication" is intended to 
mean connected in such a way that a fluid in one of the 
components may travel to the other. For example, a by- 
pass line may be in fluid communication with a standpipe 
by connecting the bypass line directly to the standpipe. 
"Fluid communication" may also include situations where 
there is another component disposed between the com- 
ponents that are in fluid communication. For example, a 
valve, a hose, or some other piece of equipment used in 



the production of oil and gas may be disposed between 
the standpipe and the bypass line. The standpipe and the 
bypass line may still be in fluid communication so long as 
fluid may pass from one, through the interposing compo- 
nent or components, to the other. 

[0044] "Standpipe" is a term that is known in the art, and it typi- 
cally refers to the high-pressure fluid passageway that 
extends about one-third of the way up a drilling rig. In 
this disclosure, however, "standpipe" is used more gener- 
ally to mean the fluid passageway between the mud pump 
and the drill string, which may include pipes, tubes, 
hoses, and other fluid passageways. 

[0045] a "drilling system" typically includes a drill string, a BHA 
with sensors, and a drill bit located at the bottom of the 
BHA. Mud that flows to the drilling system must return 
through the annulus between the drill string and the 
borehole wall. In the art, a "drilling system" may be known 
to include the rig, the rotary table, and other drilling 
equipment, but in this disclosure it is intended to refer to 
those components that come into contact with the drilling 
fluid. 

[0046] | n this disclosure, "selectively" is intended to indicate at a 
time that is selected by a person or by a control circuitry 



based on some criteria. For example, a drilling operator 
may select the time when a downlink signal is transmitted. 
In automated operations, a computer or control circuitry 
may select when to transmit a downlink signal based on 
inputs to the system. 

[0047] Figure 2 shows a schematic of a downlink system in ac- 
cordance with one embodiment of the invention. The sys- 
tem includes a bypass line 200 with a shutoff valve 204, a 
flow restrictor 205, a flow diverter 206, a modulator 210 
coupled to a control circuitry 231, and a second flow re- 
strictor 215. The bypass 200 is in fluid communication 
with the standpipe 208 at an upstream end and with the 
mud return line 218 on a downstream end. This arrange- 
ment enables the bypass line 200 to divert mud flow from 
the standpipe 208, thereby reducing the flow rate to the 
BHA (not shown). 

[0048] The bypass system 200 includes a modulator 210 for 

varying the flow rate of mud through the bypass system 
200. The frequency and amplitude of the flow rate 
changes define the downlink signal. One embodiment of a 
modulator will be described in more detail later, with re- 
spect to Figure 3A. 

[0049] The downlink system in Figure 2 includes a shutoff valve 



204. The shutoff valve 204 is .O.Oused to isolate the by- 
pass line 200 when no downlink signal is being transmit- 
ted. By closing the shutoff valve 204, the downlink system 
is protected from erosion that can occur when mud flows 
through the components of the system. When the bypass 
line 200 is in use, the shutoff valve 204 may be in a fully 
open position so that it will not be exposed to the high 
mud velocities that erode the choke valves (e.g., 124 in 
Figure IB) of the prior art. In a preferred embodiment, the 
shutoff valve 204 is disposed up stream of a flow restric- 
tor (e.g., 205) so that the shutoff valve 204 will not expe- 
rience the high mud flow rates present downstream of a 
flow restrictor. 

[0050] plow diverters and flow restrictors are components that 
are well known in the art. They are shown diagrammati- 
cally in several of the Figures, including Figure 2. Those 
having skill in the art will be familiar with these compo- 
nents and how they operate. The following describes their 
specific operation in those embodiments of the invention 
that include either a flow restrictor or a flow diverter. 

[0051] | n some embodiments, a bypass line 200 according to the 
invention includes a flow restrictor 205. The flow restric- 
tor 205 provides a resistance to flow that restricts the 



amount of mud that may flow through the bypass line 
200. The flow restrictor 205 is also relatively low cost and 
easily replaced. This enables the flow restrictor 205 to be 
eroded by the mud flow without damaging more expen- 
sive parts of the system. 

[0052] when the flow restrictor 205 is located upstream from the 
modulator 210, it may also serve as a pressure pulse re- 
flector that reduces the amount of noise generated in the 
standpipe 208. For example, the modulator 210 may be 
used to create pulses in the mud flow. This has a side ef- 
fect of creating back pulses of pressure that will propa- 
gate through the standpipe 208 and create noise. In 
drilling systems that also use uplink telemetry, noise may 
interfere with the detection of the uplink signal. A flow re- 
strictor 205 will reflect a large portion of these back pres- 
sure pulses so that the standpipe 208 will be much less 
affected by noise. 

[0053] it is noted that in the cases where the downlink sensors 
on the BHA are pressure transducers, it may be desirable 
to use a downlink system without a flow restrictor up- 
stream of the modulator. Thus, some embodiments of a 
downlink system in accordance with the invention do not 
include a flow restrictor 205. Those having ordinary skill 



in the art will be able to devise a downlink system with 
selected components to fit the particular application. 

[0054] | n some embodiments, a downlink system in accordance 
with the invention includes a flow diverter 206 that is lo- 
cated upstream from the modulator 210. A flow diverter 
206 may be used to reduce the amount of turbulence in 
the bypass line 202. The flow diverter 206 is shown as a 
double branch flow diverter, but other types of flow di- 
verters may be used. For example, a flow diverter with 
several bends may also be used. Those having ordinary 
skill in the art will be able to devise other flow diverters 
without departing from the scope of the invention. 

[0055] a flow diverter 206 may be advantageous because the 

mud flow downstream of a flow restriction 205 is often a 
turbulent flow. A flow diverter 206 may be used to bring 
the mud flow back to a less turbulent flow regime. This 
will reduce the erosion effect that the mud flow will have 
on the modulator 210. 

[0056] | n some embodiments, the flow diverter 206 is coated 

with an erosion resistant coating. For example, a material 
such as carbide or a diamond coating could prevent the 
erosion of the inside of the flow diverter 206. In at least 
one embodiment, the flow diverter 206 includes carbide 



inserts that can be easily replaced. In this regard, the in- 
sert may be thought of as a sacrificial element designed to 
wear out and be replaced. 

[0057] | n some embodiments, a downlink system 200 in accor- 
dance with the invention includes a second flow restrictor 
215 that is disposed downstream of the modulator 210. 
The second flow restrictor serves to generate enough back 
pressure to avoid cavitation in the modulator 210. Cavita- 
tion is a danger because it affects the mud pulse signal 
and it causes severe erosion in the modulator 210. In sit- 
uations where cavitation is not a danger, it may be advan- 
tageous to use embodiments of the invention that do not 
include a second or downstream flow restrictor 215. 

[0058] Those having skill in the art will realize that the above de- 
scribed components may be arranged in a downlink sys- 
tem in any order that may be advantageous for the partic- 
ular application. For example, the embodiment shown in 
Figure 2 may be modified by adding a second flow di- 
verter downstream of the second flow restrictor 215. 
Those having ordinary skill in the art will be able to devise 
other component arrangements that do not depart from 
the scope of the invention. 

[0059] Figure 3A shows an exploded view of a modulator 301 in 



accordance with the invention. The modulator 301 is po- 
sitioned inside a pipe section 308, such as a bypass line 
or a standpipe. As shown in Figure 3A, the modulator 301 
includes a rotor 302 and a stator 304 (or restrictor). 
Preferably, the rotor includes three passages 311, 312, 
313 that allow fluid to pass through the rotor 302. The 
stator includes similar passages 321, 322, 323. 

[0060] The view in Figure 3A is exploded. Typically, the rotor 302 
and the stator 304 would be connected so that there is no 
gap or a small gap between them. A typical modulator 
may also include a motor (not shown in Figure 3A) to ro- 
tate the rotor 302. 

[0061] As the rotor 302 rotates, the passages 311, 312, 313 in 
the rotor 302 alternately cover and uncover the passages 

321, 322, 323 in the stator 304. When the passages 321, 

322, 323 in the stator are covered, flow through the mod- 
ulator 301 is restricted. The continuous rotation of the ro- 
tor 302 causes the flow restriction in the modulator 301 
to alternately close to a minimum size and open to a 
maximum size. This creates sine wave pulses in the mud 
flow. 

[0062] | n some embodiments, such as the one shown in Figure 
3A, the rotor 302 includes a central passage 331 that en- 



ables fluid to pass through the rotor 302. The stator 304 
has a similar central passage 332. The central passages 
331, 332 enable at least some flow to pass through the 
modulator so that the flow through the modulator 301 is 
never completely stopped. 

[0063] | n some embodiments, the passages 311, 312, 313 in the 
rotor 302 are sized so that they never completely block 
the passages 321, 322, 323 in the stator 304. Those hav- 
ing skill in the art will be able to devise other embodi- 
ments of a rotor and a stator that do not depart from the 
scope of the invention. 

[0064] Figure 3B shows an exploded view of another embodiment 
of a modulator 351 in accordance with the invention. The 
modulator 351 includes two sections 361 and 371 that 
may be arranged to modulate the flow. For example, in 
one embodiment, section 371 comprises an inner seg- 
ment that fits into the outer section 361. The modulator 
may then be installed in a pipe (not shown). 

[0065] plow through the pipe may be modulated by rotating one 
of the sections with respect to the other. For example, the 
inner section 371 may be rotated with respect to the outer 
section 361. As the windows 373 in the inner section align 
with the windows 363 in the outer section 361, the flow 



though the modulator 351 is maximized. When the win- 
dows 373 in the inner section 371 are not aligned with the 
windows 363 in the outer section 361, the flow through 
the modulator is minimized. 

[0066] The modulator 351 may be arranged in different configu- 
rations. For example, the modulator 351 may be arranged 
parallel to the flow in a pipe. In such a configuration, the 
modulator 351 may be able to completely block flow 
through the pipe when the windows 363, 373 are not 
aligned. In some embodiments, the modulator is arranged 
so that fluid may pass the modulator in the annulus be- 
tween the modulator 351 and the pipe (not shown). In 
those embodiments, the flow through the center of the 
modulator may be modulated by rotating one of the sec- 
tions 361, 371 with respect to the other. In other embodi- 
ments, the modulator may be arranged to completely 
block the flow through the pipe when the windows 363, 
373 are not aligned. 

[0067] | n some other embodiments, the modulator may be ar- 
ranged perpendicular to the flow in a pipe (not shown). In 
such an embodiment, the modulator may act as a valve 
that modulates the flow rate through the pipe. Those hav- 
ing skill in the art will be able to devise other embodi- 



merits and arrangements for a modulator without depart- 
ing from the scope of the invention. 

[0068] one or more embodiments of a downlink system with a 

modulator may present some of the following advantages. 
A modulator may generate sine waves with a frequency 
and amplitude that are easily detectable by sensors in a 
BHA. The frequency of the sine waves may also enable a 
much faster transmission rate than was possible with 
prior art systems. Advantageously, a sine wave has less 
harmonics and generates less noise that other types of 
signals. Certain embodiments of the invention may enable 
the transmission of a downlink signal in only a few min- 
utes, compared to the twenty to thirty minutes required in 
some prior art systems. 

[0069] Advantageously, certain embodiments of the invention 
enable a downlink signal to be transmitted simultaneous 
with drilling operations. This means that a downlink signal 
may be transmitted while drilling operations continue and 
without the need to interrupt the drilling process. Some 
embodiments enable the adjustment of the modulator so 
that an operator can balance the need for signal strength 
with the need for mud flow. Moreover, in situations where 
it becomes necessary to interrupt drilling operations, the 



improved rate of transmission will enable drilling to con- 
tinue in a much shorter time. 

[0070] Figure 4A shows another embodiment of a downlink sys- 
tem 400 in accordance with the invention. A modulator 
410 is disposed in-line with the standpipe 408 and down 
stream of the mud pump 402. Instead of regulating the 
flow of mud through a bypass, the modulator 410 in the 
embodiment shown in Figure 4A regulates the pressure in 
the standpipe 408. 

[0071] | n the embodiment shown in Figure 4A, the downlink sys- 
tem 400 includes a flow diverter 406 downstream of the 
mud pump 402 and upstream of the modulator 410. The 
mud flow from the mud pump is often turbulent, and it 
may be desirable to create a normal flow regime upstream 
of the modulator 410. As was described above with refer- 
ence to Figure 3A, the flow diverter 406 may be coated on 
its inside with an erosion resistant coating, such as car- 
bide or diamonds. In some embodiments, the flow di- 
verter 406 may include a carbide insert designed to be 
easily replaced. 

[0072] The modulator 410 shown in Figure 4A is in parallel with a 
second flow restrictor 411. The second flow restrictor 411 
enables some of the mud to flow past the modulator with- 



out being modulated. This has the effect of dampening 
the signal generated by the modulator 410. While this 
dampening will decrease the signal strength, it may nev- 
ertheless be desirable. The second flow restrictor 411 may 
enable enough mud to flow through the downlink system 
400 so that drilling operations can continue when a 
downlink signal is being transmitted. Those having skill in 
the art will be able to balance the need for mud flow with 
the need for signal strength, when selecting the compo- 
nents of a downlink system. 

[0073] | n some embodiments, although not illustrated in Figure 
4A, a downlink system includes a flow restrictor down- 
stream of the modulator 410. In many circumstances, the 
drilling system provides enough resistance that a flow re- 
strictor is not required. When it is beneficial, however, one 
may be included to provide back pressure for proper op- 
eration of the modulator 410. 

[0074] | n another embodiment, shown in Figure 4B, a downlink 
system 450 may be disposed in the mud return line 418. 
The embodiment shown in Figure 4B includes a flow di- 
verter 406, a modulator 410 in parallel with a flow restric- 
tor 411, and a down stream flow restrictor 415. Each op- 
erates substantially the same as the same components 



described with reference to Figure 4A. In this case, how- 
ever, the downlink system 450 is located in the return line 
418 instead of the standpipe (408 in Figure 4A). The 
downlink system 450 is still able to modulate the mud 
pressure in the drilling system (not shown) so that the 
pulses may be detected by sensors in the BHA. Advanta- 
geously, a downlink system disposed in the mud return 
line generates a very small amount of noise in the stand- 
pipe that would affect uplink transmissions. 

[0075] one embodiment of a downlink control system 500 in ac- 
cordance with the invention is shown in Figure 5A. An op- 
erator's control console 502 typically includes pump con- 
trol mechanisms. As shown in Figure 5A the pump control 
mechanisms may comprise knobs 504, 505, 506 that 
control the speed of the mud pumps (not shown). Figure 
5A shows three control knobs 504, 505, 506 that may 
control three mud pumps (not shown). A drilling system 
may contain more or less than three mud pumps. Accord- 
ingly, the control console can have more or less mud 
pump control knobs. The number of control knobs on the 
control console is not intended to limit the invention. 

[0076] a typical prior art method of sending a downlink system 
involves interrupting drilling operations and manually op- 



erating the control knobs 504, 505, 506 to cause the mud 
pumps to cycle on and off. Alternatively, the control 
knobs 504, 505, 506 may be operated to modulate the 
pumping rate so that a downlink signal may be sent while 
drilling continues. In both of these situations, a human 
driller operates the control knobs 504, 505, 506. It is 
noted that, in the art, the term "driller" often refers to a 
particular person on a drilling rig. As used herein, the 
term "driller" is user to refer to any person on the drilling 
rig. 

[0077] | n one embodiment of the invention, the control console 
502 includes actuation devices 511, 513, 515 that are 
coupled the control knobs 504, 505, 506. The actuation 
devices 511, 513, 515 are coupled to the control knobs 
504, 505, 506 by belts 512, 514, 516. For example, actu- 
ation device 511 is coupled to control knob 504 by a belt 
512 that wraps around the stem of the control knob 504. 
The other actuation devices 511, 513 may be similarly 
coupled to control knobs 504, 505. 

[0078] The actuation devices may operate in a number of differ- 
ent ways. For example, each actuation device may be indi- 
vidually set to operate a control knob to a desired fre- 
quency and amplitude. In some embodiments, the actua- 



tion devices 511, 513, 515 are coupled to a computer or 
other electronic control system that controls the operation 
of the actuation devices 511, 513, 515. 

[0079] | n some embodiments, the actuation devices 511, 513, 

515 are integral to the control console 502. In some other 
embodiments, the actuation devices 511, 513, 515 may 
be attached to the control console 502 to operate the 
control knobs 504, 505, 506. For example, the actuation 
devices 511, 513, 515 may be magnetically coupled to the 
console 502. Other methods of coupling a actuation de- 
vice to a console include screws and a latch mechanism. 
Those having skill in the art will be able to devise other 
methods for attaching an actuation devise to a console 
that do not depart from the scope of the invention. 

[0080] The actuation devices 511, 513, 515 may be coupled to 
the control knobs 504, 505, 506 by methods other than 
belts 511, 513, 515. For example, Figure 5B shows a 
pump control knob 504 that is coupled to an actuation 
device 521 using a drive wheel 523. The actuation device 
causes the drive wheel 523 to rotate, which, in turn, 
causes the stem 509 of the control knob 504 to rotate. In 
some embodiments, such as the one shown in Figure 5B, 
an actuation device 521 includes a tension arm 524 to 



hold the actuation device 521 and the drive wheel 523 in 
place. The tension arm 524 in Figure 5B includes two free 
rotating wheels 528, 529 that contact an opposite side of 
the stem 509 of the control knob 504 from the drive 
wheel 523. 

[0081] Figure 5C shows another embodiment of an actuation de- 
vice 531 coupled to a pump control lever 535. The actua- 
tion device 531 includes a drive wheel 533 that is coupled 
to the pump control lever 535 by a connecting rod 534. 
When the drive wheel 533 is rotated by the actuation 
mechanism 531, the lever 535 is moved in a correspond- 
ing direction by the connecting rod 534. 

[0082] Figure 5D shows another embodiment of an actuation de- 
vice 541 in accordance with the invention. The actuation 
device 541 mounts on top of the pump control lever 546. 
The actuation device 541 includes an internal shape that 
conforms to the shape of the pump control lever 546. As 
the internal drive 544 of the actuation device 541 rotates, 
the pump control lever 546 is also rotated. 

[0083] one or more embodiments of an actuation device may 

present some of the following advantages. Actuation de- 
vices may be coupled to already existing drilling systems. 
Thus, an improved downlink system may be achieved 



without adding expensive equipment to the pumping sys- 
tem. 

[0084] Advantageously, the mechanical control of an actuation 

device may be quicker and more precise than human con- 
trol. As a result, a downlink signal may be transmitted 
more quickly and with a higher probability that the trans- 
mission will be correctly received on the first attempt. The 
precision of a mechanical actuation device may also en- 
able sufficient mud flow and a downlink signal to be 
transmitted during drilling operation. 

[0085] Advantageously, the mechanical control of an actuation 
device provides a downlink system where no additional 
components are needed that could erode due to mud 
flow. Because no other modifications are needed to the 
drilling system, operators and drillers may be more ac- 
cepting of a downlink system. Further, such a system 
could be easily removed if it became necessary. 

[0086] | n some other embodiments, a downlink system com- 
prises a device that causes the mud pumps to operate in- 
efficiently or that causes at least a portion of the mud 
pumps to temporarily stop operating. For example, Figure 
6 diagrammatically shows a pump inefficiency controller 
601 attached to a mud pump 602a. Figure 6 shows three 



mud pumps 602a, 602b, 602c. Drilling rigs can include 
more or fewer than three mud pumps. Three are shown in 
Figure 6A for illustrative purposes. 

[0087] Each of the mud pumps 602a, 602b, 602c draws mud 

from the mud storage tank 604 and pumps the mud into 
the standpipe 608. Ideally, the mud pumps 602a, 602b, 
602c will pump at a constant flow rate. The pump ineffi- 
ciency controller 601 is connected to the first mud pump 
602a so that the controller 601 may affect the efficiency 
of the first mud pump 602a. 

[0088] Figure 6B diagrammatically shows the internal pumping 
elements of the first mud pump 602a. The pumping ele- 
ments of pump 602a include three pistons 621, 622, 623 
that are used to pump the mud. For example, the third 
piston 623 has an intake stroke, where the piston 623 
moves away from the intake valve 625, and mud is drawn 
from the mud tank into the piston chamber. The third pis- 
ton 623 also has an exhaust stroke, where the piston 623 
moves in the opposite direction and pushes the mud out 
an exhaust valve 626 and into the standpipe (608 in Fig- 
ure 6A). Each of the other pistons 621, 622 has a similar 
operation that will not be separately described. 

[0089] The first piston 621 includes a valve controller 628 that 



forms part of, or is operatively coupled to, the pump inef- 
ficiency controller (601 in Figure 6A). When it is desired to 
send a downlink signal, the valve controller 628 prevents 
the intake valve 627 on the first piston 621 from opening 
during the intake stroke. As a result, the first piston 621 
will not draw in any mud that could be pumped out during 
the exhaust stroke. By preventing the intake valve 627 
from opening, the efficiency of the first pump 603 is re- 
duced by about 33%. The efficiency of the entire pumping 
system (including all three mud pumps 602a, 602b, 602c 
in the embodiment shown in Figure 6A, for example) is 
reduced by about 11%. 
[0090] By operating the pump inefficiency controller (601in Fig- 
ure 6A), the efficiency, and thus the flow rate, of the mud 
pumping system can be reduced. Intermittent or selective 
operation of the pump efficiency controller creates pulses 
in the mud flow rate that may be detected by sensors in 
the BHA. 

[0091] one or more embodiments of a pump inefficiency con- 
troller may present some of the following advantages. An 
inefficiency controller may be coupled to an preexisting 
mud pump system. The downlink system may operate 
without the need to add any equipment to the pump sys- 



tern. The pump inefficiency controlled may be controlled 
by a computer or other automated process to that human 
error in the pulse generation is eliminated. Without human 
error, the downlink signal may be transmitted more 
quickly with a greater chance of the signal being received 
correctly on the first attempt. 
[0092] Figure 7 A diagrammatically shows another embodiment of 
a downlink system 700 in accordance with the invention. 
A downlink pump 711 is connected to the mud manifold 
707 that leads to the standpipe 708, but it is not con- 
nected to the mud tanks 704. As with a typical mud pump 
system, several mud pumps 702a, 702b, 702c are con- 
nected to the mud tank 704. Mud from the tank is 
pumped into the mud manifold 707 and then into the 
standpipe 708. 

[0093] As is known in the art, pumps have an "intake" where fluid 
enters the pumps. Pumps also have a "discharge," where 
fluid is pumped out of the pump. In Figure 7A, the intake 
end of each of the mud pumps 702a, 702b, 702c is con- 
nected to the mud storage tank 704, and the discharge 
end of each of the mud pumps 702a, 702b, 702c is con- 
nected to the mud manifold 707. Both the intake and the 
discharge of the downlink pump 711 are connected to the 



mud manifold 707. 
[0094] The downlink pump 711 shown in Figure 7A is a recipro- 
cating piston pump that has intake and exhaust strokes 
like that described above with respect to Figure 6B. On the 
intake stroke, mud is drawn into the downlink pump 711, 
and on the exhaust stroke, mud is forced out of the 
downlink pump 711. The operation of the downlink pump 
711 differs from that of the other pumps 702a, 702b, 
702c in the mud pump system because it is not connected 
to the mud tank 704. Instead, both the intake and exhaust 
valves (not shown) of the downlink pump 711 are con- 
nected to the mud manifold 707. Thus, on the intake 
stroke, the downlink pump 711 draws in mud from the 
mud manifold 707, decreasing the overall flow rate from 
the mud pump system. On the exhaust stroke, the down- 
link pump 711 pumps mud into the mud manifold 707 
and increases the overall flow rate from the mud pump 
system. In some embodiments, one valve serves as both 
the inlet and the discharge for the downlink pump. In at 
least one embodiment, a downlink pump is connected to 
the manifold, but it does not include any valves. The mud 
is allowed to flow in and out of the downlink pump 
through the connection to the manifold. 



[0095] Selected operation of the downlink pump 711 will create a 
modulation of the mud flow rate to the BHA (not shown). 
The modulation will not only include a decrease in the 
flow rate, as with the bypass systems described above, 
but it will also include an increase in the flow rate that is 
created on the exhaust stroke of the downlink pump 711. 
The frequency of the downlink signal may be controlled 
by varying the spend of the downlink pump 711. The am- 
plitude of the downlink signal may be controlled by 
changing the stroke length or piston and sleeve diameter 
of the downlink pump 711. 

[0096] Those having ordinary skill in the art will also appreciate 
that the location of a downlink pump is not restricted to 
the mud manifold. A downlink pump could be located in 
other locations, such as, for example, at any position 
along the standpipe. 

[0097] Figure 8 diagrammatically shows another embodiment of 
a downlink system 820 in accordance with the invention. 
The mud pumping system includes mud pumps 802a, 
802b, 802c that are connected between a mud tank 804 
and a standpipe 808. The operation of these components 
has been described above and, for the sake of brevity, it 
will not be repeated here. 



[0098] The downlink system includes two diaphragm pumps 821, 
825 whose intakes and discharges are connected to the 
mud manifold 807. The first diaphragm pump 821 in- 
cludes a diaphragm 822 that separates the pump 821 into 
two sections. The position of the diaphragm 822 may be 
pneumatically controlled with air pressure on the back 
side of the diaphragm 822. In some embodiments, the 
position of the diaphragm 822 may be controlled with a 
hydraulic actuator mechanically linked to diaphragm 822 
or with an electromechanical actuator mechanically linked 
to diaphragm 822. When the air pressure is allowed to 
drop below the pressure in the mud manifold 807, mud 
will flow from the manifold 807 into the diaphragm pump 
821. Conversely, when the pressure behind the diaphragm 
822 is increased above the pressure in the mud manifold 
807, the diaphragm pump 821 will pump mud into the 
mud manifold 807. 

[0099] Figure 7 shows one piston downlink pump, and Figure 8 
shows two diaphragm downlink pumps. The invention is 
not intended to be limited to either of these types of 
pumps, nor is the invention intended to be limited to one 
or two downlink pumps. Those having skill in the art will 
be able to devise other types and numbers of downlink 



pumps without departing from the scope of the invention. 

[0100] Figure 9 diagrammatically shows another embodiment of 
a downlink pump 911 in accordance with the invention. 
The discharge of the downlink pump 911 is connected to 
the mud manifold 907, and the intake of the downlink 
pump 911 is connected to the mud tank 704. The down- 
link pump 911 in this embodiment pumps mud from the 
mud tank 904 into the mud manifold 907, thereby in- 
creasing the nominal flow rate produced by the mud 
pumps 902a, 902b, 902c. 

[0101] During normal operation, the downlink pump 911 is not 
in operation. The downlink pump 911 is only operated 
when a downlink signal is being sent to the BHA (not 
shown). The downlink pump 911 may be intermittently 
operated to create pulses of increased flow rate that can 
be detected by sensors in the BHA (not shown). These 
pulses are of an increased flow rate, so the mud flow to 
the BHA remains sufficient to continue drilling operations 
while a downlink signal is being sent. 

[0102] one or more embodiments of a downlink pump may 

present some of the following advantages. A reciprocating 
pump enables the control of both the frequency and the 
amplitude of the signal by selecting the speed and stroke 



length of the downlink pump. Advantageously, a recipro- 
cating pump enables the transmission of complicated 
mud pulse signals in a small amount of time. 

[0103] a pump of this type is well known in the art, as are the 
necessary maintenance schedules and procedures. A 
downlink pump may be maintained and repaired at the 
same time as the mud pumps. The downlink pump does 
not require additional lost drilling time due to mainte- 
nance and repair. 

[0104] Advantageously, a diaphragm pump may have no moving 
parts that could wear out or fail. A diaphragm pump may 
require less maintenance and repair than other types of 
pumps. 

[0105] Advantageously, a downlink pump that is coupled to both 
the mud tanks and the standpipe may operate by increas- 
ing the nominal mud flow rate. Thus, there is no need to 
interrupt drilling operations to send a downlink signal. 

[0106] | n some embodiments, a downlink system includes elec- 
tronic circuitry that is operatively coupled to the motor for 
at least one mud pump. The electronic circuitry controls 
and varies the speed of the mud pump to modulate the 
flow rate of mud through the drilling system. 

[0107] one or more of the previously described embodiments of 



a downlink system have the advantage of being an auto- 
mated process that eliminates human judgment an error 
from the downlink process. Accordingly, some of these 
embodiments include a computer or electronics system to 
precisely control the downlink signal transmission. For 
example, a downlink system that includes a modulator 
may be operatively connected to a computer near the 
drilling rig. The computer controls the modulator during 
the downlink signal transmission. Referring again to Fig- 
ure 2, the modulator is operatively coupled to a control 
circuitry 231. Those having skill in the art will realize that 
any of the above described embodiments may be opera- 
tively coupled to a control circuitry, such as a computer. 
[0108] while the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised that do not depart from the 
scope of the invention as disclosed herein. Accordingly, 
the scope of the invention should be limited only by the 
attached claims. 



